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SUMMARY 


The  Owen  Sound  sanitary  landfill  is  located  on  a 
kame  moraine  which  according  to  water  well  records  in  the  area 
is  comprised  of  clayey  silty  sand,   gravel,   silty  sand,  and 
gravel  and  sand  with  boulders.     These  glacial  deposits  are 
characterized  by  poor  sorting,  variable  composition  and  cor- 
respondingly variable  permeability.      In  general,   kame  moraine 
deposits  are  considered  to  be  unsuitable  for  sanitary  landfill 
sites  because  of  locally  high  permeability  and  this  site  is 
no  exception.     The  bedrock  in  the  area  consists  of  dolomite 
with  minor  shale  layers  of  Guelph-Lockport  Formation. 

Groundwater  quality  monitoring  in  area  wells  (in 
response  to  the  local  residents'   complaints)   indicated  that 
groundwater  had  undergone  quality  changes  in  the  vicinity  of 
the  landfill.     Two  domestic  wells   (three  families)  located 
in  the  immediate  vicinity  of  the  landfill  were  adversely 
affected  by  the  operation  of  the  Owen  Sound  sanitary  landfill. 
The  reduction  in  sulphate,   increase  in  hardness,  alkalinity, 
chloride,   sodium,   iron,  COD,  and  presence  of  phenols  and 
tannins  and  lignins  in  these  two  wells  are  directly  related 
to  the  introduction  of  the  leachate  into  groundwater. 

The  presence  of  the  Owen  Sound  sanitary  landfill 
poses  a  potential  pollution  hazard  to  other  neighbouring  wells 
and  groundwater  in  general.     Therefore,  measures  should  be  taken 
to  minimize  further  impact  of  the  leachate  on  the  local 
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groundwater  system.     A  planted  low  permeability  cover  appropri- 
ately graded  and  drained  will  reduce  infiltration  and  therefore 
generation  of  leachate.     Drilling  and  subsequent  pumping  of 
several  wells  downgradient  from  the  landfill  will  partially 
remove  pollutants  from  groundwater  and  restrict  further  migra- 
tion.    Some  mutually  acceptable  means  of  water  supply  restoration 
to  the  affected  parties  remains  to  be  worked  out. 

Efforts  should  be  made  to  find  an  environmentally 
acceptable  sanitary  landfill  site  and  terminate  the  use  of  the 
existing  one. 
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INTRODUCTION 


Deterioration  of  water  quality  in  domestic  wells 
located  in  the  immediate  vicinity  of  the  existing  Owen  Sound 
landfill  first  came  to  our  attention  early  in  October,   1975.  At 
that  time  the  area  residents  approached  this  Ministry's  District 
Office  in  Owen  Sound  and  complained  that  their  water  supplies 
were  adversely  affected  by  the  operation  of  a  nearby  solid  waste 
disposal  site.     Hence,   the  purpose  of  this  study  is  to  determine 
the  extent  and  mechanism  of  groundwater  pollution  originating 
from  the  existing  Owen  Sound  sanitary  landfill  operation. 

The  disposal  operation  at  the  Owen  Sound  sanitary 
landfill  site  commenced  in  January  of  1971  under  a  certificate 
issued  by  the  Ontario  Department  of  Energy  Resources  Management, 
Waste  Management  Branch.     The  application  stated  that  this  land- 
fill site  would  serve  the  City  of  Owen  Sound  and  the  Townships  of 
Derby  and  Sydenham.     Fill  was  to  consist  of  20  percent  domestic 
waste,   30  percent  commercial  and  50  percent  industrial  wastes 
with  the  total  daily  disposal  of  500  tons.     Using  these  figures 
and  assuming  that  disposal  operations  were  carried  out  five  days 
a  week,   it  was  calculated  that  660,500  tons  of  solid  wastes  were 
disposed  here  since  the  operation  commenced  until  March  1,  1976. 

Information  from  water  well  records  in  the  area  which 
are  on  file  with  the  Ontario  Ministry  of  the  Environment  (OME) 
were  utilized  and  provided  the  hydrogeological  framework  for 
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this  study.   Because  groundwater  quality  monitoring  is  continuing, 
and  additional  hydrogeological  and  pertinent  data  are  being 
collected  a  final  report  may  be  prepared. 


Location 

The  Owen  Sound  sanitary  landfill  site  is  located  about 
three  miles  south  of  the  City  of  Owen  Sound.      It  occupies  the 
northern  part  of  Lot  1,  Concession  II,  Derby  Township,  Grey 
County   (Figure  1) .     The  study  area  is  located  south  of  the  east- 
west  line  passing  through  Inglis  Falls  as  indicated  in  Figure  1. 

Access  to  the  site  is  provided  by  Concession  Road  2 
which  is  linked  to  Provincial  Highway  No.   10  by  the  Highway  No.  6 
bypass . 

The  area  is  characterized  by  hummocky  topography  and  is 
part  of  a  kame  moraine  oriented  in  a  northeast-southwest  direct- 
ion.    According  to  Chapman  and  Putnam   (1966)   this  area  is  part  of 
the  Arran  Drumlin  Field  physiographic  region. 

The  existing  landfill  occupies  part  of  a  swampy  area 
which  extends  west,  north  and  east  from  it.     The  immediate  area 
drains  in  an  easterly  direction  into  the  Sydenham  River  which  is 
about  1,400  feet  away. 
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FIGURE  1.     LOCATION  MAP. 
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Field  Work 

Field  work  consisted  of  groundwater  quality  monitoring 
in  area  wells  which  began  in  October  1975.     This  information  was 
supplemented  by  analyses  of  available  geological  and  hydrogeo- 
logical  data. 

Figure  1  shows  the  location  of  water  wells  in  the  study 
area.      Indicated  well  numbers  are  those  as  assigned  by  the 
Ontario  Ministry  of  the  Environment.     The  one  and  two  digit  well 
numbers  shown  in  the  same  Figure  are  domestic  wells  for  which 
there  are  no  records  on  file, but  from  which  chemical  and  bacteri- 
ological analyses  are  available. 

GEOLOGY 

Bedrock  Geology 

Bedrock  outcrops  occur  about  9,000  feet  northeast  of 
the  landfill  site,  but  at  the  site  bedrock  is  overlain  by  more 
than  100  feet  surficial  deposits. 

The  bedrock  formations  within  the  study  area  are  of 
Middle  and  Lower  Silurian  Age.     They  have  been  ascribed  to  the 
Amabel,   Fossil  Hill    (Lockport)   and  Guelph  Formations  (Liberty, 
1966).     Both  Lockport  and  Guelph  Formations  are  lithologically 
quite  similar  consisting  basically  of  massive  dolomite. 
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A  typical  Lockport  lithology  is  of  grey  weathering, 
bluish  grey  and  blue  mottled  fine  crystalline  dolomite.  Beds 
are  massive  and  well  jointed;  biohermal  strata  are  non-bedded 
and  porous  zones  and  vugs  are  present. 

The  Guelph  Formation  is  largely  a  reefal  complex.  For 
the  most  part,   this  formation  comprises  tan  to  brown,  evenly 
textured,   fine  to  medium  crystalline  dolomite.  Strata 
are  weathered  brown,  massive  and  scraggy.     Beds  range  from  4  to 
24  inches  in  thickness    (Logan,   1963)   and  vugs  are  known  to 
occur. 

Several  water  wells  in  the  vicinity  of  the  solid  waste 
disposal  site  report  shale  layers  within  the  massive  grey 
dolomite . 

The  topography  on  the  bedrock  surface  differs  signif- 
icantly from  that  of  the  present  land  surface   (Figure  2)  being 
somewhat  more  regular  with  uniform  relief,  but  a  significant  bed- 
rock channel  occurs  about  one  quarter  of  a  mile  west 
of  Sydenham  River    (Figure  2).     This  bedrock  channel  trends  in  a 
north-south  direction,  but  its  exact  location  is  uncertain 
because  of  lack  of  data.     Most  probably,   its  location  coincides 
with  the  present  course  of  the  Sydenham  River. 
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SCALE 
1:50.000 


Bedrock  geology:  After  B.  A.  Liberty,  1966. 
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FIGURE  2.     BEDROCK  GEOLOGY  AND  BEDROCK  TOPOGRAPHY. 
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Surficial  Deposits 

Unconsolidated  deposits  of  Pleistocene  Age  mantle  the 
bedrock  over  most  of  the  study  area. 

The  existing  sanitary  landfill  site  is  located  on  a 
kame  moraine,  which  is  bounded  to  the  east,   northeast  and  north- 
west by  limestone  plains      (Chapman  and  Putnam,   1966) .     To  the 
north,   it  is  bounded  by  a  steep  slopes  of  the  Niagara  Escarpment 
that  approach  a  vertical  plane.     This  moraine  was  formed  by  the 
advance  of  an  ice  lobe  from  the  basin  now  occupied  by  Georgian 
Bay. 

The  kame  deposits  consist  of  relatively  permeable 
material  and  the  lithology  reported  in  nearby  water  wells  confirms 
this.     The  water  well  records  indicate  that  the  kame  moraine  is 
comprised  of  clayey  gravel  and  stones,   sandy  clay  and  stones  and 
fine  gravel  with  large  boulders.     These  materials  grade  northeast- 
ward into  outwash  deposits  of  irregularly  stratified  gravel,  sand 
and  silt,    (Sobanski,  1975). 

The  thickness  of  surficial  deposits  varies     from  zero 
to  124  feet    (Figure  3) .     The  zone  of  maximum  thickness  has  north- 
south  trend  and  coincides  with  the  position  of  the  previously 
noted  bedrock  channel. 
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FIGURE  3.     THICKNESS  OF  SURFICIAL  DEPOSITS. 
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HYDROGEOLOGY 

Bedrock  Hydrostratigraphic  Unit 

A  few  feet,   or  a  few  tens  of  feet  of  the  upper  part  of 
the  bedrock  are  permeable  and  are  considered  to  comprise  a  single 
hydrostratigraphic  unit. 

Bedrock  formations  have  generally  the  same  lithology 
and  consist  of  dolomite  with  minor  shale.   The  bedrock  is  char- 
acterized by  a  fracture  type  of  porosity  irregularly  distributed 
through  the  rocks.     The  origin  of  the  fractures  in  such  type  of 
rocks  varies,  but  most  of  them  likely  originated  during  and  after 
glaciation  as  a  result  of  ice  loads  applied  to  the  brittle  rock. 

In  carbonate  rocks  of  this  sort  several  types  of 
openings  occur  that  contribute  to  permeability;      (a)  vertical 
joints  and  fissures  in  the  ancient  weathered  zone  within  10  to  20 
feet  of  the  bedrock  surface,    (b)     bedding  joints  within  and  below 
the  ancient  weathered  zone,    (c)     primary  intergranular  permeabil- 
ity,  perhaps  enhanced  by  solution,   and   (d)     permeability  associated 
with  biohermal  reefs. 

Of  46  wells  in  the  area  the  records  of  which  are  on 
file  with  this  Ministry   (Appendix  A) ,  only  four  wells  in  the 
immediate  vicinity  of  the  sanitary  landfill  site  obtain  water 
from  the  overburden.     Furthermore,  when  the  hydraulic  heads  in 
bedrock  wells  are  contoured,   the  uniform  pattern  of  piezometric 
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lines  suggests  hydraulic  continuity  between  all  points.  Therefore, 
it  is  reasoned  that  the  upper  several  tens  of  feet  of  the  bedrock 
represents  a  continuous  artesian  aquifer  system. 

Overburden  Hydrostratigraphic  Unit 

The  surficial  deposits  are  considered  a  single  hydro- 
stratigraphic unit  because  of  relatively  similar  lithological 
characteristics.    In  the  general  vicinity  of  the  landfill  site  it 
consists  of  poorly  sorted  clayey  and  silty  sand  and  gravel,  silty 
gravel  and  large  boulders.     Mechanical  analyses  from  boreholes 
located  about  2,500  feet  north  of  the  existing  landfill,  revealed 
the  presence  of  fine  to  medium  sand  at  depths  25  and  50  feet 
(Sobanski ,   1975)  . 

Four  water  wells  in  the  immediate  vicinity  of  the  land- 
fill site  obtain  water  from  the  overburden  aquifer  which  consists 
of  gravel  from  a  depth  between  87  and  110  feet  below  ground 
surface.     The  lateral  extent  of  this  gravel  deposit  is  unknown, 
but  it  is  thought  to  be  of  limited  extent.     The  gravel  occurs 
immediately  above,  or  a  few  tens  of  feet  above  the  bedrock  surface 
and  is  considered  to  be  hydraulically  connected  with  the  bedrock 
aquifer  system.     A  review  of  additional  water  well  records  in  the 
broader  area  indicates  that  the  deep  sand  and  gravel  aquifer  is 
not  everywhere  present. 

Little  is  known  about  the  distribution  and  presence  of 
a  shallow  water  table  aquifer  in  the  area.     Of  six  test  holes  dug 
to  a  depth  between  10  and  14  feet  in  1969  at  the  existing 
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landfill  site  three  of  them  reported  water  between  8  and  12  feet 
while  the  rest  of  wells  were  reported  dry.     A  similar  situation 
was  reported  at  the  nearby  Lincoln  Trailer  Park.     Thus,   it  is 
concluded  that  the  continuous  shallow  overburden  aquifer  is 
absent  in  the  study  area,   and  surficial  deposits  are  relatively 
permeable . 

Groundwater  Movement  in  the  Bedrock 

In  order  to  have  a  flow  in  a  groundwater  reservoir,  the 
water  must  have,   according  to  Hubbert    (1940)   an  initial  store  of 
mechanical  energy  in  the  form  of  fluid  potential.     Hence,  ground- 
water flows  under  the  influence  of  gravity  following  the  most 
direct  route  from  points  of  higher  potential  to  points  of  lower 
potential . 

The  information  from  water  wells  penetrating  bedrock 
were  used  to  infer  groundwater  flow  system  in  the  bedrock  aquifer 
(Figure  4).     Contours  of  equal  potential  in  the  bedrock  aquifer 
system  give  the  direction  of  groundwater  flow  as  well  as  the 
distribution  of  recharge  and  discharge  zones.     By  definition, 
closed  contours  of  equal  potential  in  a  groundwater  mound  indicate 
recharge,  or  downward  movement    (Figure  4).     Contours  of  equal 
potential  near  or  above  ground  surface  indicates  a  groundwater 
discharge  area. 
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FIGURE  4.  POTENTIOMETRIC  MAP  OF  THE  BEDROCK  AQUIFER  SYSTEM. 


13 


Although,   the  positions  of  equipotential  lines  shown  in 
Figure  5  are  somewhat  interpretative  because  of  the  scarcity  of 
data,   it  gives  general  idea  of  the  direction  of  groundwater  flow 
in  the  bedrock  aquifer  system.     It  is  indicative,  however,  that 
the  existing  sanitary  landfill  site  is  located  in  a  groundwater 
recharge  area,  where  groundwater  moves  downward,  then  in  northerly 
and  easterly  directions  toward  the  Sydenham  River. 

Hydrogeology  in  the  Vicinity  of  the  Owen  Sound  Landfill 

The  vertical  geologic  cross  section  shown  in  Figure  5 
illustrates  hydrogeological  environments  at  the  landfill  and  in 
nearby  wells. 

Relatively  sparce  information  indicates  absence  of  a 
shallow  water  table  over  most  part  of  35  acre  landfill.  Thus 
burial  of  refuse  took  place  in  trenches  up  to  25  feet  in  depth 
under  unsaturated  conditions. 

As  shown  by  studies  in  Illinois    (Hughes,  Landon,  and 
Farvolden,   1971)   infiltration  through  landfill  covers  does  occur 
resulting  in  groundwater  mounds  within  the  landfill.     Evidence  of 
a  mound  at  the  Owen  Sound  landfill  is  indicated  by  the  presence 
of  a  leachate  spring  at  the  toe  of  the  northeast  slope  of  the 
landfill   (Figure  1) .     Here  the  leachate  migrates  laterally  from 
the  landfill  and  flows  into  the  nearby  stream  and  swamp  where  it 
undergoes  dillution  and  natural  biological  breakdown.     It  is 
unknown  if  the  leachate  represents  a  perched  or  true  water  table.- 


X4 


sja^eai  uj  'I'S-iu  e  uoneAOia 


■o 

w 

(0 

■-  CN 

Q. 

c 

O 

o 

c 

O 

3 

L.  JO 

•O 


00 


mi 


o 

CN 


o 

CN 


"5 


i".  ;    ■  003'  CO" 


UJ 


o 
o 
o 


8 


O  LJ 


T3 
C 
(0 


JJJl 


'ftp' 


(U 

< 

•u  C 

W 

o 

!U 

1—1 

O  -H 
4-J  U 

EH 

CO 

C  U 

Z 

> 

•r-l  <U 

M 

C 

CO 

r— ( 

CO 

o 

CU  CO 

H 

5-1 

iJ  CO 

Z 

T3 

(U 

U  O 

C 

4J 

o 

CU  ^1 

:3 

CO 

o 

[5 

bX) 

O 

s 

O 

u  m 

o 

a,  o 

1— 1 

5-1 

•H 

O 

<U 

4-1 

T-i  0) 

4J 

CO 

4-1 

C 

w 

■U 

•H 

s 

CO 

-1 

CO 

hJ 

O 
PQ 

CO 


I 

CJ 
•H 

4J 
CO 
}-i 
4J 
CO 
O 
U 

•H 

C 
0 


c 

(U 
0 


^  a 

Q)  CO 


I 

•H 

4J 
CO 
5-1 
4-1 
CO 

o 

J-l  4-> 
C 

^  o 

o  Si 
u  a, 

T)  CO 
(U  5-1 
PQ  t>0 


o 
o 
hJ 
o 
w 
o 
o 

P£! 
Q 

O  M 


CO 
Z 

o 

M 
H 
CJ 
W 
CO 

CO 
CO 

§ 

CJ 


Q 
2 


Q 

D 
O 
CO 

W 
O 


f-1      ='  f 


w 
w 

CJ 

o 

H 
CO 
M 

b3 


O 
N] 
O 
W 


o 

M 

Pl4 


o 


o 
o 

K 


IQQi  Uj    -|-s-uj'e  uO|)eA3|3 


15 


Analyses  of  Sydenham  River  water  in  July  1975  demon- 
strated that  water  quality  above  and  below  the  landfill  site  is 
essentially  the  same    (Appendix  B) ,   and  it  is  felt  that  the  dilut- 
ing capability  of  the  river  is  large  compared  to  the  relatively 
small  amount  of  leachate  which  may  be  getting  into  Sydenham 
River. 

« 

The  movement  of  leachate  from  the  refuse  toward  the 
bedrock  constitutes  a  potential  hazard  for  the  deep  overburden 
and  bedrock  aquifer  systems.     Percolation  tests  carried  out  in 
connection  with  the  design  of  the  tile  field  extension  at  the 
Lincoln  Mobile  Home  Park  gave  infiltration  rates  varying  from  0.1 
to  0.25  inches/minute.     As  the  base  of  the  landfill  is  only  80 
feet  from  the  top  of  the  water  bearing  zone  and  90  feet  from  the 
bedrock   (well  No.   2981)   the  travel  time  for  leachate  to  reach  the 
bedrock  is  approximately  8  days.     This  assumes  that  these  percola- 
tion rates  apply  over  the  total  overburden  thickness. 

The  key  question  is;   to  what  extent  will  the  physical- 
chemical  interactions  between  the  leachate  and  intervening 
glacial  materials  renovate  the  leachate  and  thereby  minimize  the 
impact  on  groundwater  quality.     The  evidence  shows  that  dilution 
does  occur  as  the  leachate  passes  through  the  overburden,  but 
this  process  is  insufficient  to  totally  renovate  the  leachate 
with  the  result  that  the  leachate  enters  the  deep  overburden- 
bedrock  aquifer  system  and  pollutes  the  potable  water  supply. 
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GENERATION,    ATTENUATION  AND  MIGRATION  OF  LEACHATE 

A  minor  amount  of  the  leachate  is  derived  immediately 
after  implacement  of  refuse  during  the  initial  compaction  and 
settlement  of  the  refuse.     The  major  portion  of  it  is  produced 
by  landfill  after  a  certain  period  of  time  when  decomposition  of 
refuse  reaches  its  maximum.     The  intensity  of  refuse  decomposition 
depends  on  the  initial  composition  of  refuse,  the  presence  or 
absence  of  oxygen,   time  of  burial,   the  age  of  the  landfill,  the 
degree  of  compaction,  the  temperature  and  the  moisture  content 
(Hughes,  Landon  and  Farvolden,   1971).     Water  originating  from 
precipitation  will  accelerate  decomposition  and  will  leach  various 
organic  and  inorganic  substances  present  in  the  refuse.  Decompo- 
sition of  refuse  is  aerobic  in  the  early  stages,  but  soon  becomes 
anaerobic . 

The  most  important  gases  generated  by  the  landfill  are 
carbon  dioxide  and  methane.     They  are  released  both  to  the 
atmosphere  through  cover  material  and  to  the  surrounding  ground 
and  groundwater. 

In  the  course  of  its  migration  through  the  ground  the 
leachate  is  attenuated  by  dilution  due  to  the  infiltration  of 
uncontaminated  water,   then  ion  exchange,  dispersion,  diffusion, 
mechanical  filtration,   sorption,  chemical  precipitation,  gaseous 
exchange  and  microbial  activity. 

Fine-grained  sediments  have  a  high  capacity  for  attenu- 
ating the  contaminants,  whereas  sands  and  gravels  have  less  ability 
to  attenuate  the  components  of  leachate.     The  rates  of  groundwater 
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flow  through  fractured  rocks  is  relatively  high,  but  the  rock 
retains  relatively  small  amounts  of  the  contaminants. 

A  literature  review  on  the  impact  of  leachate  on  ground- 
water quality  leads  to  the  conclusion  that  the  most  obvious 
changes  to  be  expected  are  increases  in  total  hardness,  alka- 
linity,  calcium,  magnesium,   sodium,   potassium,   chloride  and 
sulphate   (Zanoni,   1973).     Other  parameters  such  as  iron,  chemical 
oxygen  demand    (COD)    and  biochemical  oxygen  demand   (BOD)   may  also 
show  increases. 

GROUNDWATER  QUALITY 

In  order  to  establish  existing  groundwater  quality  at 
the  landfill  site,  water  quality  surveys  of  the  deep 
overburden-bedrock  aquifer  systems  commenced  in  October,  1975. 
The  chemical  and  bacteriological  analyses  are  shown  in  Append- 
ices B  and  C.     The  results  show  that  groundwater  quality  in  the 
two  wells  nearest  to  the  landfill  site  have  been  affected  by 
leachate  generated  by  the  landfill.     Thus,  original  groundwater 
quality  in  these  two  wells  could  not  be  established. 

Pollution  of  Domestic  Water  Supplies 

Information  indicates  that  at  the  present  time,  two 
domestic  well  water  supplies  in  the  area   (serving  three  families) 
have  become  contaminated  from  the  existing  landfill  site  operation. 
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The  affected  wells  and  families  are  located  immediately  north 
(Well  No.   7)   and  south    (Well  No.   2981)   of  the  sanitary  landfill 
site    (Figure  1 ) . 

The  chemical  parameters,  which  are  listed  in  Tables  1 
and  2  are  considered  to  be  indicators  of  chemical  contamination 
in  the  R.   Ledingham  and  the  D.  Williton  -  E.   Carman  domestic 
wells . 

Although  prior  chemical  analyses  of  groundwater  from 
these  two  wells  are  not  available,  there  is  no  doubt  that  the 
concentrations  of  chemical  constituents  shown  in  Tables  1  and  2 
are  above  normal.     For  comparison.  Tables  3  and  4  list  the  same 
chemical  parameters  in  two  other  wells  which  are  considered  to 
be  unaffected  by  the  existing  landfill  site,  yet,  these  two 
wells  obtain  water  from  the  same  hydrogeological  environment. 

The  concentrations  of  the  same  five  chemical  para- 
meters in  the  leachate  generated  by  this  landfill  are  indicated 
in  Table  5.     The  high  concentrations  of  hardness,   chloride,  sodium, 
COD,  phenols  and  iron  in  the  leachate  is  obvious  and  increases 
in  these  parameters  in  nearby  private  water  supplies  is  a 
partial  basis  for  concluding  that  contamination  has  originated 
from  the  landfill. 


o 

CO 

w 

^-^ 

(d 

H 

00 

Q) 

a  \ 

<T> 

4-1 

fd 

g 

• 

0 

i-H 

iH 

Q) 

c 

rH 

2: 

0 

^— ' 

•H  tr> 

H 

g 

iH 

H 

p 

rH 

O 

C  \ 

U 

•H  tj> 

0 

g 

0 

s-l 

g 

m 

Q) 

C 

^1 

Q) 

0 

rH  X} 

O 

5H  rH 

(d 

5-1 

(d  \ 

e 

-P 

u  en 

}-l 

QJ 

0  g 

(d 

0^ 

5h 

u 

• 

w 

0) 

H 

1 

0 

c 

C 

QJ 

■H  Oi 

0 

4J 

fi^ 

•H 

rH 

iH 

>i 

•H 

-p 

•H 

■H  W 

-r) 

N  -P 

• 

-H 

(d  -H 

Q 

XI 

g  C 

5-1 

(U 

0 

rl 

Eh 

En 

-P 

d 

U) 

•H 

-P 

-P 

5h  -H 

w 

QJ 

P  G 

u 

5-1 

0  P 

Q) 

(d  iH 

-P 

a  0  C 

0) 

PL,  U  QJ 

e 

< 

N 

fd 

rd 

5-1 

(d 

QJ 

(d 

'd 

o 

•H 

rH 

-H 

5-1 

C  \ 

g 

O 

•H 

rH 

g 

x: 

U 

u 

0) 

•p 

w 

o 

CO 

Q) 

Q) 

rH 

QJ 

'a 

CO 

5h 

•H  tJ> 

(d 

g 

rsi 

0) 

iH 

,Q 

(d 

Eh 

QJ 

Q) 

+J 

rH 

fd 

a 

Q 

g 

fd 

IT)  IT) 


ID 


rH 

in 

O 

CM 

CM 

o 

CN 

rH 

CM 

n 

CN 

rH 

in 

rH 

CTl 

ro 

in 

LO 

00 

in 

rH 

o 

H 

CM 

CM 

rH 

ro 

Q  Q 
2  ^5 


Q 


Q 
2 


CN 
CM 


'51' 


in 
ro 


o  cr, 
CM  m 


CN 


o 

ro 


CN 
CM 


in 


o 


o 
o 


in 


o  o 
ro  o 


in 

in 

in 

O 

in 

ro 

• 

V£) 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

CN 

in 


o 

o 

O 

CN 

ro 

o 

rH 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

in 


in 


in 


CN  C7^ 
CN  CN 


1^ 

CN 


in 


CO 


-P  -P 

u  o 
o  o 


> 
o 


> 
o 


o 

QJ 
Q 


in 

in 

r~ 

\ 

\ 

r-- 

in 

CM 

\ 

rH 

CM 

ro 

\ 

u 

O 

d 

d 

42 

t 

QJ 

QJ 

fd 

fd 

Q) 

5h 

Q 

Q 

Cm 

< 

c 

rH 

o 

o 

rH 

\ 

00 

e 

m 

m 

o 
m 

CO 
fO 

Q) 

4->  ■ 

a 

i-H 


o  c  ~ 

5-1  -H  tn 


Q  C  ' 
O  -H  tJi 
U  g 


0) 

rH 
O 

c 

0) 


•H 


4J 

CD 
>-) 

a  o 

Qj  O 


-P 

13  C 


O  :3 


(U 
•H 

o 

rH 


to 

(0 

CD 
C 

!h 


oo 


in 


ro 


ro  CN 
o    o  o 


o  o 

V 


O 


V 


V  V 


00 


in    Ln  LD 

V       V  V 


o 

in 

in 

O 

• 

ro 

ro 

o 

rH 

ro 


ro 


o 
ro 


in 

r- 
\ 

in 

r~ 

\ 

\ 

\ 

Q) 

CN 

00 

ro 

>X) 

4-) 

rH 

rfl 

Q 

g 

> 

U 

U 

0 

(U 

a 

CO 

2 

Q 

J- 

o 

CO 

CO 

td 

,—1 

\ 

(D 

•rH 

Cn 

fd 

CN 

Pj 

H 

0 

iri 

CO 

IT 

,—1 

•rH 

1 — 1 

Pi 

rH 

o 

^  ' 

,  1 

Q 

\ 

rH 

O 

•H 

Cn 

rH 

CJ 

(U 

15 

O 

CO 

0 

r— 1 

u 

0 

c; 

Dj 

0) 

•rl 

Dj 

CM 

>H 

td 

>i 

+j 

s:^ 

C 

-rH 

•rH 

CO 

rH 

13 

N 

4J 

0 

■H 

td 

•H 

O 

X! 

g 

Ci 

C 

j_l 

-rl 

Hi 

0 

Eh 

Em 

(U 

-p 

to 

c 

-rl 

-rH 

(U 

p 

CO 

j_l 

n 

Hi 

>H 

fd 

,— 1 

Q) 

Dj 

n 

-P 

Dj 

(D 

(U 

g 

fd 

ro 

Sh 

td 

Dj 

rH 

fd 

o 

•rH 

nH 

•H 

5h 

\ 

g 

O 

•H 

Cn 

r-H 

g 

o 

(D 

+J 

U 

CD 

to 

rH 

to 

CD 

CD 

, — 1 

CO 

d 

\ 

•H 

CP 

<^ 

g 

fd 

rH 

X! 

fd 

EH 

fii 

(11 

+J 

rH 

fd 

D- 

Q 

g 

td 

CO 

in 

in 

in 

o 

in 

o 

rH 

rH 

rH 

o 

rH 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

in 

ro 

rH 

rH 

rH 

rH 

rH 

rH 

o 

rH 

O 

O 

o 

o 

O 

O 

o 

o 

o 

O 

o 

o 

O 

O 

V 

V 

V 

V 

CN 

V 


CM 

V 


V 


in 


in 
ro 


o 


o 

in 

in 

o 

CN 

CN 

CN 

• 

o 

o 

o 

o 

in 

V 


in 

V 


in 

V 


in 

V 


in 

V 


in  m 

V  V 


oininoininino 
•^ininm'^'^M'in 


CN 


U3  CM 
00  rH 

CN  ro 


00 

O 

00 

O 

CN 

ro 

CN 

CN 

in 


in 

CM 


in 


in 


in 


00 


in 
\ 

o  \ 
ro 


ro  VD 


•  4-J 

Sh  Dj 

Dj  Q) 

<<  CO 


>  U  O  C  X!  M 
O  Q)  Q)  (0  Q)  Q, 
2    Q    Q    ^^    Ixj  *a: 


22 


Table  5.         Concentrations  of  selected  chemical  parameters  in 
the  leachate 


T-I       y~  f^~\           cz'  O 

ncLL  Ullfcroo 

jr  neno±  s 

Iron 

Sampled 

in 

in 

in 

in 

in 

mg/1 

mg/1 

mg/1 

ppb 

mg/1 

July  9/75 

1700 

2500 

19000 

1500 

Nov.  5/75 

900 

Jan.  7/76 

1720 

975 

7430 

1750 

770 

Feb.  18/76 

1620 

1100 

7088 

1475 

600 

Apr.   6/7  6 

1460 

1125 

3701 

1025 
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Some  of  the 

other  factors 

already 

discussed 

which 

contribute  to  the  present  problems  are  summarized  below: 


1.  The  sanitary  landfill  site  is  located  in  relatively 
permeable  surficial  deposits. 

2.  The  attenuation  of  leachate  components  by  the  surficial 
materials  is  not  intensive  and  negligible  in  the  bedrock. 

3.  To  date,  water  quality  has  deteriorated  in  two  well  nearest 
to  the  waste  disposal  site. 

INTERPRETATION  OF  GROUNDWATER  QUALITY 

Groundwater  chemistry  in  the  area  suggests  that  the 
dominant  controlling  mechanisms  are    (a)     dilution,  and    (b)  a 
combination  of  sulphate  reduction  and  carbonate  buffering.  In 
order  to  better  understand  the  distribution  pattern  and  its 
controlling  mechanisms  further  calculations  of  the  activities 
of  the  dissolved  species  in  the  calcite-dolomite-water  system 


are  necessary  taking  into  account  saturation  indices  for  these 
minerals.     This  may  involve  use  of  a  computer  and  is  not 
within  the  scope  of  this  report.     However,   the  observed  changes 
in  groundwater  chemistry  point  to  the  chemical  reactions  which 
may  be  superimposed  on  the  carbonate  equilibrium  system. 

The  chemical  reaction  which  is  taking  place  here  is 
sulphate  reduction.     This  process  is  incompletely  understood 
and  partly  depends  on  the  form  of  available  organic  carbon. 
According  to  Hem   (1959)  methane  reduction  may  proceed  as: 

so"  +     CHu  HS"  +  H2O  +  HCOs" 

which  yields  one  mole  of  HCO3     for  each  mole  SO4  reduced. 
Another  type  of  sulphate  reaction  discussed  by  many  authors 
(e.g.   Sholkovitz,   1973;   Sayles  and  Manheim,   1975;   Kunkle  and 
Shade,   1976)  is: 

2CH2O  +  S04~~    i^a^^^^ia)    2HC03~~  +  H2S 
where  CH2O  represents  sources  of  organic  carbon,  and  results  in 
a  two  to  one  increase  in  bicarbonate  to  sulphate.     Increases  in 
bicarbonate  levels  are  reflected  in  large  alkalinity  concentra- 
tions in  the  affected  wells. 

The  existence  of  sulphate  reduction  processes  in  the 
vicinity  of  the  landfill  site  is  confirmed  by  the  recent  bacteri 
ological  analyses  which  indicated  increased  concentration  of 
sulphate  reducing  bacteria  in  three  nearest  wells  to  the  land- 
fill  (Appendix  C) .     Furthermore,  as  expected  from  the  sulphate 
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FIGURE 


6.   HYDROCHEMICAL  MAP  OF  THE  SULPHATE  DISTRIBUTION 
IN  THE  DEEP  OVERBURDEN-BEDROCK  AQUIFER  SYSTEM. 
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hydrochemical  map    (Figure  6)    the  lowest  sulphate  concentrations 
occur  in  the  immediate  vicinity  of  the  landfill.     Thus,   it  is 
postulated  that  the  reducing  environment  within  the  landfill 
has  been  transferred  to  the  deep  overburden-bedrock  aquifer 
system  thereby  stimulating  the  observed  ongoing  sulphate  reduc- 
tion in  the  wells.     The  chemistry  of  sulphate  reduction  is 
extremely  sensitive  to  a  small  changes  in  oxygen  content 
(Sholkovitz,   1973).     Oxygen  contents  of  0.3  to  0.4  mg/l  are 
sufficient  to  oxidize  organic  material  which,   in  turn,  will 
halt  sulphate  reduction.     When  the  oxygen  content  falls  below 
0.1  mg/Z  and  the  environmental  factors  are  conducive,  sulphate 
reduction  will  proceed. 

The  two  most  prevalent  gases  generated  in  the  land- 
fill are  methane  and  carbon  dioxide,  which  could  produce  suffic- 
ient positive  pressure  to  migrate  ahead  and  perhaps  upward  of 
the  groundwater  gradient  and  reach  the  bedrock  aquifer  and  dome- 
stic wells  ahead  of  the  leachate.     Methane  aids  the  sulphate 
reduction  process  by  providing  carbon  and  hydrogen  for  production 
of  bicarbonate  and  hydrogen  sulphide.     Carbon  dioxide  in  water 
solution  reacts  with  calcium  carbonate  present  in  glacial 
materials  directly  beneath  the  landfill,   liberating  calcium 
and  bicarbonate  ions  throughout  the  overburden  section. 

CONCLUSIONS 


Analyses  of  geological  and  hydrogeological  data  at 
the  Owen  Sound  landfill  indicate  that  relatively  complex 
hydrogeological  conditions  exist  at  this  landfill.     The  site  is 
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situated  on  a  kame  moraine  with  a  thickness  of  about  100  feet. 
Kame  deposits  are  relatively  permeable  and  the  lithology  reported 
in  nearby  water  wells  confirms  this.     Because  of  this,  the  kame 
deposits  are  considered  relatively  poor  sites  for  landfill. 
Dolomite,  with  locally  reported  shale  layers  which  belong  to 
Guelph-Lockport  Formation,   under ly  the  area. 

Groundwater  quality  monitoring  over  an  area  of  11 
square  miles  in  the  vicinity  of  the  Owen  Sound  landfill  included 
20  wells  and  two  springs,   provided  sufficient  data  to  document 
background  groundwater  quality  characteristics  as  well  as  pro- 
nounced quality  changes  in  the  nearby  domestic  wells. 

The  reduction  in  sulphate  concentrations  together  with 
increases  in  hardness  and  alkalinity  in  the  deep  overburden  and 
carbonate  aquifer  system  in  the  vicinity  of  the  landfill  appear 
to  be  related  to  the  sulphate  reduction  reaction  which  are  created 
by  the  landfill  leachate.     Furthermore,  the  increases  in  chloride, 
sodium,   iron,  COD  and  presence  of  phenols  and  tannins  and  lignins 
in  two  wells  located  in  the  immediate  vicinity  of  the  disposal 
site  is  directly  related  to  the  introduction  of  these  chemical 
constituents  into  the  aquifer  system  by  the  leachate. 

The  presence  of  the  Owen  Sound  landfill  poses  a  further 
threat  to  the  other  domestic  wells  in  the  area  because  the  pollu- 
tion front  is  expected  to  continue  to  spread  and  to  adversely 
affect  additional  domestic  water  supplies. 


RECOMMENDATIONS 


It  is  obvious  from  our  investigations  that  pollution 
two  water  wells  has  occured  and  that  this  pollution  has 
originated  from  the  Owen  Sound  sanitary  landfill.      It  is  our 
opinion  that  Sections  31  and  32  of  the  Ontario  Water  Resources 
Act  have  been  violated  and  in  this  matter  we  are  seeking  the 
advice  of  our  Legal  Branch. 

It  has  been  our  policy  to  pursue  situations  of  water 
quantity  interference  under  Section  37  of  the  Ontario  Water 
Resources  Act  by  acting  as  an  intermediary  in  seeking  restor- 
ation of  the  affected  water  supplies.     We  see  a  parallel 
situation  here  where  water  quality  "interference"  has  occured 
and  as  a  matter  of  policy  we  wish  to  employ  the  OWR  Act  as  a 
means  of   (a)   seeking  restoration  of  affected  water  supplies, 
(b)   repayment  of  cost  resulting  from  the  interruption  of  water 
supply  and   (c)   undertaking  an  environmental  rehabilitation  for 
pollution  of  the  aquifer  system. 

It  is  recommended  that  the  City  of  Owen  Sound  make 
further  efforts  to  find  an  environmentally  acceptable  sanitary 
landfill  site  and  terminate  use  of  present  one.     In  order  to 
lessen  potential  contamination  of  the  other  neighbouring 
domestic  wells  and  groundwater  in  general  it  is  recommended 
that  efforts  be  directed  to  reducing  of  the  amount  of  the 
leachate  which  the  site  generates.     In  this  regard  a  planted 
and  compacted  clay  cover  is  recommended  together  with  contoured 
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finished  grade  which  will  reduce  infiltration  into  landfilled 
waste  and  generation  of  leachate. 

Furthermore,  the  environmental  rehabilitation  of  the 
contaminated  aquifer  should  consist  of  drilling  and  subsequent 
pumping  of  several  wells  downgradient  from  the  landfill  with  an 
attempt  to  remove  pollutants  from  groundwater  and  restrict  its 
further  migration.     To  this  end,   it  is  recommended  that  the  City 
hire  a  qualified  hydrogeologist  and  seeks  his  opinion  in  this 
matter.     Details  and  procedure  of  remedial  measures  remains  to  be 
worked  out  by  a  consulting  hydrogeologist  in  close  consultation 
with  this  Ministry. 

Meanwhile,   this  Ministry  will  continue  to  monitor 
groundwater  quality  in  the  neighbouring  wells  and  the  City  of 
Owen  Sound  will  be  informed  of  any  additional  development. 
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